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The mea sure ment of neu tron dose equiv a  lent was made in four dual en  ergy lin ear ac  cel  er  a  tor
rooms. Two of the rooms were re  con  structed af  ter de  com  mis  sion  ing of 60Co units, so the
main lim  i  ta  tion was the space. The mea  sure  ments were per  formed by a nu  clear track etched
de tec tors  LR-115  as so ci ated  with  the  con verter  (ra di a tor)  that  con sist  of  10B and with the ac  -
tive neu tron de tec tor Thermo BIOREM FHT 742. The de tec tors were set at sev eral lo ca tions 
to eval  u  ate the neu  tron am  bi  ent dose equiv  a  lent and/or neu  tron dose rate to which med  i  cal
per  son  nel could be ex  posed. Also, the neu  tron dose de  pend  ence on collimator ap  er  ture was
an a lyzed.
The ob  tained neu  tron dose rates out  side the ac  cel  er  a  tor rooms were sev  eral times smaller
than the neu tron dose rates in side the ac cel er a tor rooms. Nev er the less, the mea sured neu tron
dose  equiv a lent  was  not  neg li gi ble  from  the  as pect  of  the  per sonal do sim e try with al most
2 mSv a year per per  son in the ar  eas oc  cu  pied by staff (con  ser  va  tive es  ti  ma  tion). In rooms
with 15 MV ac  cel  er  a  tors, the neu  tron ex  po  sure to the per  son  nel was sig  nif  i  cantly lower than
in the rooms hav  ing 18 MV ac  cel  er  a  tors in  stalled. It was even more pro  nounced in the room
re con structed  af ter  the  60Co de  com  mis  sion  ing. This study con  firms that shield  ing from the
neu  tron ra  di  a  tion should be con  sid  ered when build  ing vaults for high en  ergy lin  ear ac  cel  er  a  -
tors, es  pe  cially when the space con  straints ex  ist.
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IN TRO DUC TION
At pres ent, a high en ergy elec tron lin ear ac cel er a -
tors pro duc ing pho tons of en er gies higher than 10 MeV
have a wide use in ra  di  a  tion ther  apy. How  ever, in those
beams, fast neu  trons could be gen  er  ated which re  sults
in  the  un de sired  con tam i na tion  of  the  ther a peu tic
beams. The high en  ergy pho  tons can in  ter  act with the
atomic nu  cleus of a high-Z ma te rial, of which the tar  get
and the head of the ac  cel  er  a  tor con  sist, and lead to the
neu  tron ejec  tion. The neu  trons are pro  duced in a gi  ant
di pole  res o nance  re ac tion  be tween  the  pho ton  beam
and the ac cel er a tor's head ma te rial (led, tung sten) [1-3].
In this re  ac  tion, an iso  tro  pic flux of neu  trons is pro  -
duced, dom  i  nated by the neu  trons with en  er  gies be  -
tween 700 keV and 1 MeV. This ef  fect be  comes more
pro nounced when high num bers of mon i tor units (MU)
are used, as in the in  ten  sity mod  u  lated ra  dio  ther  apy
(IMRT) [4]. Herein, it is im por tant to de ter mine the full
ra  di  a  tion field cor  rectly, in or  der to eval  u  ate the ex  po  -
sure of pa  tients and med  i  cal per  son  nel.
In Croatia, 9 lin  ear ac  cel  er  a  tors were in  stalled
dur  ing the last 5 years. Thus, the units for three lin  ear
ac cel er a tor  build ings  of  de com mis sioned  60Co were
re  con  structed. Due to the dif  fer  ences in size of those
ma chines and its aux il iary sys tems the main lim i ta tion
of the re  con  struc  tion was space. The ob  jec  tive of this
work was to as sess the neu tron dose in the vi cin ity of 4
ac cel er a tors, 2 of which are in stalled in the place of de -
com mis sioned  60Co units. The mea  sure  ments of neu  -
tron doses dur  ing this study showed a pos  si  ble rise of
neu  tron doses when neu  tron flux is not con  sid  ered in
shield ing cal cu la tions. This led to the af ter ward re con -
struc tion of one of the vaults. The mea sure ment re sults 
dur  ing all stages of the re  con  struc  tion are also pre  -
sented in this work. The sec  ond ob  jec  tive of this work
was to as  sess the im  pact of collimation to the neu  tron
dose.
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In this work a pas  sive neu  tron do  sim  e  ter was
used for mea  sur  ing the neu  tron dose equiv  a  lent
around  high  en ergy  med i cal  elec tron  lin ear  ac cel er a -
tors. It con sists of a solid state nu clear track-etched de -
tec  tor (SSNTD) LR 115 and a bo  ron foil that con  tains
10B iso  tope (both man  u  fac  tured by Ko  dak Pathe,
France) used as a con verter. The con verter is nec es sary 
in or  der to cre  ate the sec  ond  ary, charged par  ti  cle that
can be de  tected on the de  tec  tor sur  face. So, the neu  -
trons are de  tected in  di  rectly, through 10B(n, a) 7Li re  -
ac tion.  The  work ing  prin ci ple  and  cal i bra tion  of  the
de  tec  tor is ex  plained in de  tail else  where [2]. At cal  i  -
bra tion, the re sponse of the neu tron do sim e ter for ther -
mal neu  trons was cal  cu  lated as ra  tio of counted net
track den  sity of de  tec  tor, Dt, and known neu  tron
fluence,  f, to which the de  tec  tor was ex  posed
r
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Con sid er ing  the  en ergy  de pend ence  of  to tal
cross-sec  tion for neu  trons on bo  ron, s(E) [5], one can
de ter mine  the  re spec tive  mean  cross-sec tion  st =1000
barn for the en ergy re gion of the ther mal neu trons used 
at cal i bra tion. To re solve the en ergy de pend ence of our 
do sim e ters we have used the neu tron spec tra mea sured 
for the same ac  cel er a tors and beams [3]. We sup posed
the sim  i  lar, soft  ened neu  tron spec  trum in all mea  sur  -
ing  lo ca tions.
 The to  tal cross-sec  tion for the re  gion of in  ter  est
marked as s1 was de ter mined by the in te  gra  tion of the
curve s(E)  in the en ergy re gion: 10–3 < E1 < 10 eV. The 
re sult of this in te gra tion gave us a to tal cross sec tion of
s1 = 4671.1 barn.
Fol low ing the de scribed pro ce dure, it is pos si ble 
to de  ter  mine the neu  tron de  tec  tor re  sponse for any
other in  ter  est  ing en  ergy class of neu  trons (if the spec  -
trum is known) as fol  lows
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where rt is the ther  mal neu  tron de  tec  tor re  sponse de  -
ter mined  dur ing  the  cal i bra tion  (1).  In  our  cal cu la tion
r1  is the de  tec  tor re  sponse for the neu  tron en  ergy re  -
gion  E1.
For the mea  sured de  tec  tor den  sity D1, the re  spec  -
tive neu  tron fluence from eq. (1) was f1 = D1/r1.
When the neu  tron fluence is known, a con  ver  -
sion co ef fi cient k from neu tron fluence to dose equiv a -
lent, in de pend ence of the neu tron en ergy, gives an am -
bi  ent dose equiv  a  lent as fol  lows: H1 = k1 f1. Hav  ing
con  sid  ered a great en  ergy de  pend  ence of the con  ver  -
sion co ef fi cient for the neu tron ra di a tion, k(E), [5], we
cal cu lated  the  ef fec tive  con ver sion  co ef fi cient  k1 for
the same en ergy re gion de scribed as above. As a re sult
of that in te gra tion a value k1 = 137.74 pSv cm2  was ob -
tained.
The re  sults are pre  sented as neu  tron dose equiv  -
a lent  per  ac cel er a tor  pho ton  dose  at  isocenter,
[mSvGy–1].
To check the mea  sure  ments done by a pas  sive
do  sim  e  ter as de  scribed above, we used a Thermo Sci  -
en  tific FHT 752 BIOREM. The Thermo Sci  en  tific
FHT 752 BIOREM is a com  mer  cial neu  tron dose rate
me ter for sta tion ary and por ta ble use, es pe cially suited 
for  en vi ron men tal  mea sure ments.  It  em ploys  a  BF3
pro por tional coun ter placed in a cy lin dri cal mod er a tor
con tain ing  poly eth yl ene  and  bo ron  car bide.  The  de -
tec  tor has strong en  ergy de  pend  ence and it is al  ready
de  scribed in the lit  er  a  ture [6, 7]. 
The neu  tron dose mea  sure  ments pro  duced by
high en  ergy pho  ton beams were per  formed for four
Siemens lin  ear ac  cel  er  a  tors – the Mevatron MD2 (15
MV, ac  cel  er  a  tor I) and the Oncor Ex  pres  sion (18 MV,
ac cel er a tor  II)  –  at  the  Uni ver sity  Hos pi tal  Osijek  as
well as the Oncor Im  pres  sion (15 MV, ac  cel  er  a  tor III)
and the Oncor Ex  pres  sion (18 MV, ac  cel  er  a  tor IV) in  -
stalled at the ra  dio  ther  apy de  part  ment of the Uni  ver  -
sity Hos  pi  tal Rijeka. All ma  chines are dual en  ergy
pho ton  beam  lin ear  ac cel er a tors.  Nev er the less,  due  to
the  neg li gi ble  cross-sec tions  for  neu tron  pro duc tions
in low en  ergy pho  ton beam (spec  i  fied as the 6 MV
beam with mean en  ergy approx. 2 MeV), the neu  tron
doses were mea sured only in high en ergy beams (spec -
i  fied as the 15 MV and 18 MV beams with mean en er -
gies approx. 5 MeV and 6 MeV, re  spec  tively). The
neu  tron source strengths (Q) de  ter  mined as neu  tron
fluence  per  pho  ton  Gy  is  3  to  5 times larger for the
18 MV ac  cel  er  a  tors than the 15 MV [8].
The de sign of ac  cel  er  a  tor vaults in  cludes a main
treat  ment room with a maze lead  ing to the room en  -
trance. The maze length al  lows the us  age of a much
lighter  en  trance  door  [9].  Both  hos  pi  tals  have  one
15 MV and one 18 MV beam ac cel er a tor, but there are
large dif  fer  ences in the con  struc  tion of the build  ings,
in which the ac  cel  er  a  tors are placed. Namely, in both
hos  pi  tals, only one ac  cel  er  a  tor vault was built for the
lin ear ac cel er a tor, the other vault was re built due to the 
ex change of de com mis sioned co balt unit with ac cel er -
a  tor. The lack of space was char  ac  ter  is  tic for both re  -
built vaults. There  fore, the mazes are very short and
the plates of steel in com  bi  na  tion with the con  crete
were used for shield ing, mak ing the neu tron flux more
pro  nounced. It is im  por  tant to no  tice that at the Uni  -
ver sity  hos pi tal  Osijek,  the  60Co unit was re  placed by
the ac  cel  er  a  tor with high en  ergy beam of 18 MV, and
at  the  Uni ver sity  hos pi tal  Rijeka  by  ac cel er a tor  with
the 15 MV beam. Fig ures 1 and 2 show the ac cel er a tor
vaults built at the Uni  ver  sity hos  pi  tal Osijek and
Rijeka,  re spec tively.
The mea  sure ments were per formed at four po  si  -
tions: at the op er a tor's con sole (A), on both sides of the 
vault door ap  prox  i  mately 150 cm above the floor (B –
out  side the vault, C – in  side the vault) and on the out  -
side wall of the ac  cel  er  a  tors' vaults at the cen  tral axis
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tained re  sults, we es  ti  mated the neu  tron dose us  ing
mod  els based on vault ge  om  e  try [9].
For  the  ac cel er a tor  II,  the  first  re con struc tion
was done from the 60Co vault to ac cel er a tor vault, but a 
too high pho ton dose was dis  cov  ered in point D. Then
ad  di  tional 12 cm of steel was inbuilt. This gave an ad  -
di  tional boost to the neu  tron fluence at the point D, so
fi nally 30 cm of con crete was added, to gether with the
ad  di  tional vault door shield  ing, mak  ing the neu  tron
equiv  a  lent dose per Gy of pho  ton at isocenter much
lower.
To an  a  lyze the collimator open  ing de  pend  ence,
the mea  sure  ments were per  formed at all four mea  sur  -
ing points for field sizes 0 cm ´ 0 cm, 10 cm ´ 10 cm,
20 cm ´ 20 cm, and 40 cm ´ 40 cm, re  spec  tively, and
for gan  try an  gles 0° (“ver  ti  cal” beam) and 90° (“lat  -
eral” beam), re  spec  tively.
RE SULTS
The neu tron dose equiv a lents pro duced per 1 Gy
of the pho  ton dose at isocenter are pre  sented for four
ac cel er a tors,  mea sur ing  po si tions  and  beam  ori en ta -
tions (tab. 1). The mea  sure  ments are pre  sented only
for the 40 cm ´ 40 cm collimator open ing. The vault of
the ac cel er a tor II was re con structed twice, but the pre -
sented mea sure ments in tab. 1 are af ter the fi nal re con -
struc  tion. Since the ac  tive de  tec  tor Thermo BIOREM
FHT 752 was avail  able only in one cen  tre, those mea  -
sure ments were made only for the ac cel er a tors I and II.
The val ues cal cu lated us ing the mod els based on
the vault ge  om  e  try [10, 11] are pre  sented in tab. 2 for
com par i son with mea sured val ues in point C for all ac -
cel er a tors.
Since the ac  cel  er  a  tor II vault was re  con  structed
twice  af ter  in stall ing  the  ac cel er a tor  we  pre sented  the
mea sure ments  dur ing  all  stages  of  ac cel er a tor  II  room
re con struc tion in tab. 3. The mea  sure  ments were done
only in points A and D, be  cause points B and C were
not of in ter est at that mo ment. The collimator open  ing
was al  ways 40 cm ´ 40 cm and the gan  try was aim  ing
to  ward point D (gan  try an  gle = 90 de  grees). The first
re  con  struc  tion was done from the 60Co vault to ac  cel  -
er a tor vault, but a too high pho ton dose was dis cov ered 
in point D. Then ad  di  tional 12 cm of steel was inbuilt.
This gave an ad di tional boost to the neu tron fluence at
point D, so fi  nally 30 cm of con  crete was added, to  -
gether with the ad  di  tional vault door shield  ing, mak  -
ing the neu  tron equiv  a  lent dose per Gy of pho  ton at
isocenter much lower.
The mea sured neu tron dose equiv a lents per 1 Gy 
of the pho ton dose at the isocenter at po si tions A, B, C,
and D vs. field size re flect the neu tron scat ter ing prop -
er  ties and de  pend on the pho ton beam en  ergy, point of
mea  sure  ment and beam ori  en  ta  tion. Some of the re  -
sults are plot  ted in fig. 3.
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Fig  ure 1. Scheme of two vaults at
Uni ver sity  hos pi tal  cen tre  of  Osijek.
The 18 MV ac  cel  er  a  tor is po  si  tioned in a
smaller vault in  stead of de  com  mis  sioned
60Co unit. Mea  sur  ing points are pre  sented
for both ac  cel  er  a  tors. For 15 MV
ac cel er a tor  the  mea sur ing  lo ca tions  A  and
D are the same
ã Mea sur ing  lo ca tions
Fig  ure 2. Scheme of two vaults at
Uni ver sity  hos pi tal  cen tre  of  Rijeka.
The 15 MV ac  cel  er  a  tor is po  si  tioned in a
smaller vault in  stead of de  com  mis  sioned
60Co unit. Mea  sur  ing points are
pre sented  for  both  ac cel er a torsDIS CUS SION  AND  CON CLU SIONS
The neu  tron equiv  a  lent doses mea  sured around
the four  ra dio ther apy  lin ear  ac cel er a tors  are pre sented
in tab. 1. The mea  sured val  ues are com  pa  ra  ble to the
pub  lished val  ues [12, 13]. As ex  pected, the larg  est
doses were mea  sured in mazes (mea  sur  ing lo  ca  tion
C), es  pe  cially for ac  cel  er  a  tors with the 18 MV pho  ton
beams. When the beam was pointed to  ward the mea  -
sur  ing point D, the mea  sured val  ues in point C for all
ac cel er a tors rose. This was ex pected for ac cel er a tors I, 
III, and IV be  cause the neu  trons pro  duced leave the
head in all di  rec  tions as the high-Z head shield ing ma  -
te rial has lit tle ef fect in stop ping them. It is not un usual
to see a dif  fer  ence in fac  tor of 2 in dose be  tween two
gan  try an  gles [9]. Sur  pris  ingly, it was also true for ac  -
cel  er  a  tor II where the head is at the larg  est dis  tance
from the in  ner maze en  trance when point  ing to the
point D. It was the ex pected re sult in point D due to the
pro  duc  tion of neu  tron in metal walls; how  ever, this
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Ta  ble 1. The neu  tron dose equiv  a  lents pro  duced per 1 Gy of the pho  ton dose at the isocenter are pre  sented for all
ac cel er a tors,  mea sur ing  po si tions  and  beam  ori en ta tions.  Mea sure ments  are  pre sented  for  the  40  cm  ´ 40 cm collimator
open ing
Gantry angle = 0° Gantry angle = 90°
A
[mSvGy
–1]
B
[mSvGy
–1]
C
[mSvGy
–1]
D
[mSvGy
–1]
A
[mSvGy
–1]
B
[mSvGy
–1]
C
[mSvGy
–1]
D
[mSvGy
–1]
I-Mevatron
15 MV
Solid state nuclear
tracketched detectors 0.036 0.087 1.7 0.036 0.085 0.049 2 0.085
Active detector thermo
BIOREM FHT 752 0.01 0.083 2.6 0.01
II-Oncor
18 MV
Solid state nuclear
tracketched detectors 0.042 0.08 10 0.04 0.1 0.17 20 0.13
Active detector thermo
BIOREM FHT 752 0.052 0.1 14.3 0.052
III-Oncor
Impression
15 MV
Solid state nuclear
tracketched detectors 0.021 0.023 1.4 0.02 0.019 0.019 2.1 0.019
IV-Oncor
Expression
18 MV
Solid state nuclear
tracketched detectors 0.08 0.083 8 0.093 0.069 0.059 10 0.075
Ta ble 2. Com par i son of val ues mea sured in the point C and model based cal cu lated neu tron dose equiv a lents pro duced per 
1 Gy of the pho  ton dose at the isocenter for all accelerators
Accelerator I Accelerator II Accelerator III Accelerator IV
Measured [mSvGy
–1] 1.7 10 1.4 8
Kersey [mSvGy
–1] [10] 0.47 12.7 0.86 5.85
Wu and McGinley [mSvGy
–1] [11] 0.26 4.2 0.4 1.8
Ta  ble 3. Neu  tron dose equiv  a  lents per pho  ton Gy at the isocenter at po  si  tions A and D measured at accelerator II during
three stages of reconstruction. The collimator opening was 40 cm ´ 40 cm and the beam aimed toward measuring point D,
with gantry 90 degrees
A, G = 90°
[mSvGy
–1]
D, G = 90°
[mSvGy
–1]
II-Oncor 18 MV 1 m concrete + 19 cm of steel 0.1 0.24
II-Oncor 18 MV 1 m concrete + 19 cm of steel + 12 cm of steel 0.093 0.29
II-Oncor 18 MV 1 m concrete + 19 cm of steel + 12 cm of steel + 30 cm concrete + door shielding 0.042 0.13
Fig  ure 3. Neu  tron dose equiv  a  lents pro  duced per 1 Gy
of the pho  ton dose at the isocenter for all ac  cel  er  a  tors
mea  sured at point C with gan  try an  gle = 0. Collimator
open  ings (pho  ton field sizes at 100 cm from the source)
are pre  sented as area in cm
2was also true for all mea  sur ing points. We as sume that
this can be the re  sult of the trans  par  ency through the
maze wall since the maze wall is only 70 cm thick,
made of con  crete with un  known den  sity (left from the
old 60Co build  ing). Also, it could be that the treat  ment
room wall, strength  ened with steel, be  comes a
photoneutron source that adds to the neu  tron com  po  -
nent in all points when the beam is pointed there. We
will do more mea  sure  ments to con  firm this as  sump  -
tion in the near fu  ture. Though the ac  cel  er  a  tor III is
also built in the place of 60Co unit, this is not so pro  -
nounced due to the lower pho  ton en  ergy (15 MV).
This leads to the con  clu  sion that if the ac  cel  er  a  tor has
to be put into the lim ited space, then a lower en ergy ac -
cel er a tor  should  be  used.
The in con sis tency was found in mea sured val ues 
for ac  cel  er  a  tor I, point B. Though mea  sured neu  tron
dose equiv a lent in point C was higher than 90° ge om e -
try when the ac  cel  er  a  tor head was closer to the in  ner
maze en  trance, in point B (be  hind the vault door) it
was op  po  site. This in  con  sis  tency will be ex  plored in
more de  tails in the near fu  ture.
The  com par i son  of  mea sured  val ues,  us ing  pas -
sive and ac  tive de  tec  tors com  ply well (tab. 1), though
the main lim  i ta tion of both mea sure ments was that the
cal  cu  la  tion was done by us  ing the spec  trum which is
not cal cu lated es pe cially for ev ery mea sur ing lo ca tion. 
The neu  tron spec  trum can vary de  pend  ing on the wall
con  struc  tion [3, 14] and it cer  tainly in  tro  duces a large
un cer tainty  in  dose  es ti ma tion  with  our  de tec tors
which will be an  a  lyzed fur  ther. Since both de  tec  tors
use the 10B iso  tope as con  verter, they have sim  i  lar en  -
ergy de  pend  ence that ex  plains sim  i  lar re  sults in all
mea sured  places.
We com  pared the mea  sured val  ues in point C
with  val ues  cal cu lated  us ing  em pir i cal  mod els  based
on vault ge  om e  try [4], also in point C. The pa  ram e  ters
used for model based es  ti  ma  tion of neu  tron dose
equiv a lent in point C ex plain high dose mea sure ments
for the ac  cel  er  a  tor II since this is the small  est vault
with very short maze (d2 = 3.75 m). Even though the
model given by Ker  sey [10] has con  ser  va  tive na  ture,
the  mea sure ments  over es ti ma tion  ex ists.  This  will  be
an a lyzed  fur ther.
The mea  sured neu  tron dose equiv  a  lents vari  a  -
tions with field size in mea sur ing point C (a maze door
in side the ac cel er a tor room) are showed in fig. 3. It can
be seen that the neu tron dose equiv a lents are lower for
closed than for fully opened jaws, that was al  ready
con firmed  be fore  [9].
Al though, the ob tained neu tron dose rate in con -
trol rooms (point A) of the ac  cel  er  a  tors was al  ways
less than 0.05 mSv/Gy of pho  ton beam at isocenter,
mean ing  15  mSv/h, this is not neg  li  gi  ble from the as  -
pect  of  per sonal  do sim e try.  By  us ing  the  con ser va tive
ap proach (900 Gy per week, all high beam), we cal  cu -
lated that the neu tron dose equiv a lent per year per per -
son can ap  proach 2 mSv in con  trol room (point A) for
the ac cel er a tor II af ter re con struc tion. The re con struc -
tions of the ac cel er a tor II vault show that if the neu tron
shield ing is not con sid ered it can reach twice this value 
(tab. 3). Also, the re  con  struc  tion us  ing the high-Z ma  -
te ri als can make neu tron flux more pro nounced be hind 
and around such bar  rier, and more at  ten  tion should be
given to the neu  tron dose equiv  a  lent mea  sure  ments,
es  pe  cially if the oc  cu  pancy of those ar  eas is high.
This study con  firms that shield  ing from the neu -
tron ra di  a  tion should be con  sid  ered when build ing the
vaults for high en ergy lin ear ac cel er a tors, es pe cially if
there are space con  straints.
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NEUTRONSKI  DOZNI  EKVIVALENT  U  OKOLINI  MEDICINSKOG 
ELEKTRONSKOG  LINEARNOG  AKCELERATORA  VISOKIH  ENERGIJA
Merewa neutronskog doznog ekvivalenta izvr{ena su unutar i oko ~etiri bunkera
medicinskih lineranih akceleratora. Dva bunkera rekonstruisana su nakon zamene 60Co, te su
prostorno bila ograni~ena. Merewa su izvr{ena detektorima nuklearnih tragova LR 115 s
konvertorom 10B i aktivnim neutronskim detektorom Thermo BIOREM FHT 742. Detektori su
postavqeni na vi{e mesta radi procene neutronskog doprinosa ozra~ewu osobqa. Uz to,
analizirana je i zavisnost neutronske doze o otvoru kolimatora.
Izmereni dozni ekvivalenti izvan bunkera nekoliko puta su mawi od onih merenih u bunkeru. Uz
to,  izmereni  dozni  ekvivalenti   oko  15  MV  linearanog  akceleratora zna~ajno su mawi nego oko
18 MV akceleratora, {to posebno vredi za merewa u prostorijama rekonstruisanim nakon zamene
60Co sa vrlo kratkim lavirintom. Me|utim, izmereni dozni ekvivalenti van bunkera svejedno nisu
zanemarivi s aspekta li~ne dozimetrije. Konzervativna ra~uni  ca za bunker koji je rekonstruisan
nakon zamene 60Co, te ima vrlo kratak lavirint, pokazuje da bi neutronski dozni ekvivalent u
kontrolnoj sobi mogao dosti}i 2 mSv po godini. Rezultati ovog istra`ivawa pokazuju da je
prilikom izgradwe bunkera i prostorija za linearni akcelerator potrebno voditi ra~una i o
neutronskom doznom ekvivalentu posebno kada je prostor za izgradwu ograni~en.
Kqu~ne re~i: radioterapija, elektronski linearni akcelerator,
                          neutronski dozni ekvivalent